Unravelling principles underlying neurotransmitter release are key to understand neural signaling. Here, we describe how surface mobility of voltagedependent calcium channels (VDCCs) modulates release probabilities (P r ) of synaptic vesicles (SVs). Coupling distances of <10 to >100 nm have been reported for SVs and VDCCs in different synapses. Tracking individual VDCCs revealed that within hippocampal synapses, 60% of VDCCs are mobile while confined to presynaptic membrane compartments. Intracellular Ca 2+ chelation decreased VDCC mobility. Increasing VDCC surface populations by co-expression of the a2d1 subunit did not alter channel mobility but led to enlarged active zones (AZs) rather than higher channel densities. VDCCs thus scale presynaptic scaffolds to maintain local mobility. We propose that dynamic coupling based on mobile VDCCs supports calcium domain cooperativity and tunes neurotransmitter release by equalizing P r for docked SVs within AZs.
Correspondence martin.heine@lin-magdeburg. de In Brief
By single-molecule tracking, Schneider et al. demonstrate the dynamic organization of presynaptic calcium channel populations in hippocampal neurons. The data suggest that channel mobility promotes cooperativity of calcium influx and serves as a potential means to control vesicle release probability.
INTRODUCTION
The molecular architecture of active zones (AZs) ensures the precision and adjustability of synaptic vesicle (SV) release. This involves a tight coupling of presynaptic voltage-dependent calcium channels (VDCCs) and calcium sensor proteins on docked SVs. Experimentally, differential shaping of intracellular calcium domains by chelators such as EGTA and BAPTA has been used to assess channel-sensor coupling and modeling has led to various testable hypotheses (Eggermann et al., 2012) . Protein-protein interactions that directly or indirectly link VDCCs to SVs are described (Catterall, 1999; Davydova et al., 2014; Kaeser et al., 2011; Liu et al., 2011; Wong et al., 2014) . However, the precise modalities of channel-sensor coupling, in particular its dynamic aspects, remain unclear. Tight coupling of 10-20 nm was uncovered for cortical GABAergic Schaffer collateral and glutamatergic cerebellar synapses (Bucurenciu et al., 2008; Schmidt et al., 2013) . In this scenario, a single channel opening can trigger vesicular fusion and release probabilities (P r ) may be rather uniform as long as channels are evenly distributed within AZs and exceed the number of docked vesicles (Ermolyuk et al., 2013; Holderith et al., 2012; Scimemi and Diamond, 2012) . Loose coupling of 100 nm along with higher VDCC numbers were reported for other types of synapses and probably contributes to presynaptic plasticity (Borst and Sakmann, 1996; Meinrenken et al., 2002; Vyleta and Jonas, 2014) . P r even varies considerably between synapses in single axons, i.e., for a given type of synapse. Such fluctuations can result from differences in the number of readily releasable SVs but also from synapse-specific rates of Ca 2+ influx due to maturation-or plasticity-related differences in the subtype composition, activity state, local density, and positioning of Ca 2+ channels (Holderith et al., 2012; Ermolyuk et al., 2012; Li et al., 2007; Reid et al., 1997) . Assuming a low to moderate density of VDCCs within AZs, we wondered whether VDCC mobility contributes to a dynamic mode of channel-sensor coupling. Using single particle tracking-photoactivated localization microscopy (sptPALM), we monitored mEOS2-tagged a1 calcium channel subunits at high spatio-temporal resolution in cultured hippocampal neurons. We found that a substantial fraction of Ca V 2.1 (P/Q)-and Ca V 2.2 (N)-type channels is mobile within presynaptic areas. We assessed various parameters for their impact on channel mobility and found that it is largely unaffected by a2d1 subunitmediated increase in synaptic VDCC abundance and by an acute depletion of the readily releasable pool (RRP) of SVs. In contrast, intracellular calcium chelation uncovered Ca 2+ -dependent regulation of channel mobility. To integrate these findings, we performed computational modeling, which suggests that the interplay between channel densities, mobility, and Ca 2+ influx determines calcium domain cooperativity between adjacent channels and thus serves as a potential means to control P r .
RESULTS

Expression of Tagged VDCCs Preserves Normal Synaptic Phenotypes
The surface dynamics of presynaptic VDCCs has been addressed by tracking the a2d4 subunit (Mercer et al., 2011) or extracellularly tagged a1 subunits (Di Biase et al., 2011) . These insightful studies were limited by promiscuous associations of a2d subunits with a1 subunits (Hoppa et al., 2012) , compromised channel function, or reduced accessibility for fluorophores under physiological conditions. To overcome these obstacles, we used sptPALM (Manley et al., 2008) . We fused the photoconvertible fluorophore mEOS2 or GFP to the cytoplasmic N termini of Ca V 2.1 and Ca V 2.2 a1 subunits and validated channel function in HEK cells (Figures S1A-S1F). Next, we assessed synaptic targeting of tagged a1 subunits in hippocampal neurons by co-staining for Rab3 interacting molecule (RIM 1/2) and Bassoon, two prominent components of the cytomatrix at the AZ (CAZ) involved in presynaptic localization of VDCCs (Davydova et al., 2014; Kaeser et al., 2011) . Tagged VDCCs co-localized with both RIM and Bassoon, similar to endogenous channels in non-transfected cells . Patch-clamp recordings from synaptically coupled hippocampal neurons in the presence of isoform-specific channel blockers revealed that the relative contribution of Ca V 2.1 and Ca V 2.2 to transmission remained unaffected when tagged Ca V 2.1 was expressed, whereas expression of Ca V 2.2 resulted in Ca V 2.2-dominated synapses ( Figure S1J ). Using an antibody specific for rodent but not human Ca V 2.1 ( Figures S2A and S2B) , we found that endogenous Ca V 2.1 was completely replaced by Ca V 2.1::GFP at about 60% of synapses and partially replaced at remaining synapses (Figures S2C and S2D) . Consistent with previous reports (Cao and Tsien, 2010; Hoppa et al., 2012) , expression of Ca V 2.2::GFP virtually abolished the contribution of Ca V 2.1 to synaptic transmission ( Figure S1J ). Paired-pulse ratios (PPRs) from synaptically connected neurons remained unaffected by expression of either Ca V 2.1::GFP or Ca V 2.2::GFP ( Figure S1K ). Expression of tagged Ca V 2.1 thus allows monitoring of its presynaptic distribution under conditions close to the mature state of natural synapses whereas the predominance of Ca V 2.2 upon expression of tagged Ca V 2.2 mimics channel composition of synapses in young hippocampal neurons (Scholz and Miller, 1995) .
Calcium Channels Display Confined Mobility within Presynaptic Membranes
To assess the mobility of individual channels, we applied sptPALM on cells expressing mEOS2-tagged a1 subunits. Experiments on fixed COS7 cells revealed a localization accuracy of 21.4 ± 4 nm for a 30 ms integration time per frame, and similar accuracy (27.7 ± 10 nm) was obtained for immobile molecules in living neurons ( Figures S2E-S2G ). Spontaneous uptake of fluorescently labeled antibodies against synaptotagmin-1 (Syt1) uncovered active synapses (see Supplemental Information).
Epifluorescence and sptPALM revealed that prominent clusters of Ca V 2.1::mEOS2 or Ca V 2.2::mEOS2 were mostly associated with Syt1-positive boutons, whereas extrasynaptic channel distribution appeared largely diffuse ( Figures 1A and 1B) . SptPALM also revealed that outside clusters most channels are mobile. Inside synaptic clusters both immobile and mobile molecules were found ( Figures 1A and 1B) . Plotting the mean square displacement (MSD) over time intervals clearly indicated that the majority of Ca V 2.1::mEOS2 and Ca V 2.2::mEOS2 molecules are freely mobile outside synapses and either mobile (yet spatially confined) or immobile within synapses ( Figures 1C  and 1D ). Comparing diffusion coefficients from synaptic and extrasynaptic channel populations revealed clear differences (Figures 1F and 1G Figures 1A and 1B) . To test whether the mobility profiles are characteristic for VDCCs or a general feature of presynaptic membrane proteins, we monitored tagged syntaxin-1A, a presynaptic t-SNARE. Syntaxin-1A::mEOS2 displayed high mobility and, in contrast to VDCCs, no confinement within synapses (Figures 1E and 1H) . Consistent with previous findings (Ribrault et al., 2011) , the synaptic exchange rate for syntaxin-1A molecules appeared high and a fraction of 15% immobile syntaxin-1A::mEOS2 molecules could reflect temporal immobilization of syntaxin-1A in synapses. These experiments demonstrate that despite the need for tight channel-sensor coupling, a large population of channels (60%) is dynamic but confined within presynaptic membranes. This observation was corroborated by calculating the radius of confinement as a measure of the mean surface area explored by channel molecules in the presynaptic compartment (Ca V 2.1::mEOS2, median r conf 107.2 nm, IQR 73.32/157.5 nm; Ca V 2.2::mEOS2, median r conf 133.7 nm, IQR 93.4/211.4 nm; Figure 2E ). These measures clearly exceeded coupling distances deduced from electrophysiological data (Borst and Sakmann, 1996; Bucurenciu et al., 2008; Meinrenken et al., 2002; Schmidt et al., 2013; Scimemi and Diamond, 2012; Vyleta and Jonas, 2014) .
Channel Mobility Is Unaffected by Channel Numbers within the Presynaptic Membrane
We reasoned that as a determinant for SV release, the mobility of synaptic VDCCs might be influenced by local channel density, RRP size, Ca 2+ influx, and Ca 2+ buffering. To manipulate these parameters, we first co-expressed tagged Ca V 2.1 or Ca V 2.2 with the a2d1 subunit to increase presynaptic channel density and P r (Hoppa et al., 2012) . Indeed, anti-GFP fluorescence intensities ( Figures S3A-S3E ) and the counting of synapse-confined trajectories as a relative measure for channel numbers (Figures 2A and 2B) revealed that a2d1 co-expression led to a substantial increase in the number of synaptic VDCCs and to markedly increased synaptic activity ( Figure S3G ). Modeling channel dynamics within a confined area predicts that an increase in channel density reduces channel mobility (see below; Figures S4A and S4C). However, co-expression of a2d1 did not alter channel mobility for Ca V 2.1::mEOS2 and only slightly decreased it for Ca V 2.2::mEOS2 ( Figures 2C  and 2D ). The radius of confinement did not change for Ca V 2.1 and decreased only moderately for Ca V 2.2 ( Figure 2E ). This suggested that synaptic channel densities had remained largely unaffected. Inspection of Bassoon-and RIM-specific immunofluorescence rather pointed to a concomitant enlargement of the CAZ. Quantitative analysis showed that overexpression of a2d1 alone increased synaptic Bassoon and RIM levels ( Figures  S3F and S3G ). Expression of Ca V 2.1::GFP did not increase syn- aptic Bassoon or RIM levels, whereas Ca V 2.2::GFP alone exerted a strong effect. Co-expression with a2d1 further increased synaptic Bassoon and RIM fluorescence for each of the tagged channel isoforms, reaching maximum levels when Ca V 2.2::GFP and a2d1 were co-expressed ( Figures S3F and S3G) . Elevated Bassoon or RIM immunofluorescence could reflect higher synaptic protein density or enlarged CAZs. We therefore used stimulated emission depletion (STED) microscopy to determine the spatial extension of Bassoon and RIM clusters by 2D Gauss fittings ( Figures 3A and 3B ). This revealed that Bassoon and RIM clusters indeed became enlarged due to expression of Ca V 2.1::GFP, Ca V 2.2::GFP, and/or a2d1 ( Figures 3A-3C ). We propose that the CAZ and its scaffold proteins define an area of confinement for synaptic calcium channels which scales with channel number in a manner that leaves synaptic channel density and mobility largely constant.
Synaptic VDCC Mobility Is Regulated by Free Intracellular Calcium
To assess effects of presynaptic Ca 2+ on channel mobility, we used two different calcium chelators, BAPTA-AM and EGTA-AM. Altering cytosolic calcium buffer capacities by exogenously applied chelators strongly influences P r (Awatramani et al., 2005; Ermolyuk et al., 2013; Williams et al., 2012) . We monitored changes in P r in neurons preloaded with BAPTA-AM or EGTA-AM by measuring mEPSCs. Both chelators strongly increased the interevent interval but did not alter mEPSC amplitudes ( Figures S4E-S4H ). At the same time, both chelators decreased the mobility of Ca V 2.1::mEOS2 and Ca V 2.2::mEOS2 and increased the fraction of immobile channels. EGTA-AM primarily affected Ca V 2.2::mEOS2 mobility, whereas BAPTA-AM affected both channel isoforms, increasing the rate of immobile synaptic channels to 55%-60% ( Figures 2C and 2D ). The radius of confinement dropped below 100 nm (Ca V 2.1::mEOS2, median r conf 82.1 nm, IQR 57.7/121.8 nm; Ca V 2.2::mEOS2, median r conf 92.5 nm, IQR 62.4/130.8 nm; Figure 2E ). In contrast, the mobility and radius of confinement of syntaxin-1A increased, whereas its immobile fraction remained unaltered ( Figures 2C-2E ] i within less than 100 nm around SVs (Eggermann et al., 2012) and at a depth of 5-10 nm. We thus wondered whether the observed stability of local channel density relates to of Ca V 2.1::mEOS2, Ca V 2.2::mEOS2, and Syntaxin1A::mEOS2 under conditions as indicated (Ca V 2.1::mEOS2: n con = 1,794/ n KCl = 1,280/ n a2d1 = 7,681/ n EGTA = 5,275/ n BAPTA = 1,457; Ca V 2.2::mEOS2: n con = 1,734/ n KCl = 2,518/ n a2d1 = 11,087/ n EGTA = 8,870/ n BAPTA = 2,487; Syntaxin1A::mEOS2: n con = 21,289/ n BAPTA = 26,661, data from 2-5 cultures, probed by Kruskal-Wallis test followed by Dunn's test). (D) Immobile fractions of Ca V 2.1::mEOS2, Ca V 2.2:: mEOS2, and Syntaxin1A::mEOS2 under various conditions. (E) Radius of confinement of mobile channels and syntaxin1A within synapses given as medians and interquartile range. Data from 2-5 cultures, probed by one-way ANOVA test followed by Dunnett's test (Ca V 2.1::mEOS2: n = 153 synapses, +a2d1 n = 278, +EGTA-AM n = 293, +BAPTA-AM n = 97; Ca V 2.2::mEOS2: n = 512, +a2d1 n = 247, +EGTA-AM n = 96, +BAPTA-AM n = 40; syntaxin1A: n = 105).
confinement accompanied by a reduction in channel mobility uncovered large differences in the coefficient of variation (CV) for local presynaptic Ca 2+ transients ( Figure 4A ). The amplitude of total calcium increases with channel numbers. The CV, however, peaked for intermediate channel densities where channel mobility is close to the one determined experimentally (Figure 4B ). Increasing channel density induces a decrease in channel mobility due to molecular crowding effects ( Figure S4C ). The model implies that channel density and channel dynamics are adjusted close to maximal CV of local Ca 2+ transients within the presynaptic compartment. This correlation holds true for different membrane surfaces without changes in channel density ( Figure 4B ). Estimating synaptic channel density by taking the median size of Bassoon clusters as average surface area of AZs and measured numbers of trajectories as a measure for channel numbers yielded 175 channels per mm 2 . Considering that this estimation is biased by the blinking of mEOS2 (Figure S2E ) and persistent endogenous VDCCs (Figures S2C and   S2D ), channel densities for the maximal CV in our model get close to those determined experimentally ( Figure 4B, inset) . It is conceivable that channel density is optimized to ensure local cooperativity between intracellular calcium domains from adjacent channels, as suggested by others (Matveev et al., 2011; Schneggenburger et al., 2012) .
In order to convert channel density and mobility into more physiological parameters, we calculated the P r of readily releasable vesicles (RRVs; for parameters see Experimental Procedures). P r depended on channel density and reached maximum in a surface of 0.09 mm 2 with one RRV and channel densities between 220 and 300 channels per mm 2 ( Figures 4C and 4D ). Allowing repositioning of channels over time resulted in a graded increase in P r , which started at much lower channel densities. Channel mobility is particularly important for small synapses, where channel numbers are low and diffusion of channels induces high variability of P r indicated by large standard deviations. Such variability of P r has been reported for hippocampal synapses even along one axon (Ermolyuk et al., 2012) . Immobilizing channels in a random distribution caused a steep change in P r ( Figure 4D ). Reducing channel mobility similar as measured for BAPTA-AM-loaded cells induced a similar shift of P r as for statically distributed channels. Increasing RRVs (5-10) shifted the P r curve toward lower channel densities but kept variability of P r for particular channel densities ( Figure S4D ). This modeling approach supports our hypothesis that a dynamic arrangement within the presynaptic membrane optimizes the density of VDCCs required for a given P r . It indicates that mobile VDCCs equalize P r for each individual synaptic vesicle independent from the positioning of the vesicle itself, which may modulate short-term plasticity.
DISCUSSION
Using sptPALM we could show that about 60% of presynaptic Ca 2+ channels in hippocampal neurons are mobile yet confined within AZs. While we cannot rule out that the immobile fraction represents VDCCs tethered to SVs, this interpretation can hardly be reconciled with our finding that channel mobility was unaffected by KCl-induced changes in AZ membrane topography. In fact, loose channel-sensor coupling prevails at hippocampal synapses that harbor similar numbers of Ca v 2.1 and Ca V 2.2 channels (Ermolyuk et al., 2013; Vyleta and Jonas, 2014) . Consistently, we found that the mobility is very similar for both channel types and does not mirror their differential assignment to nano-or microscale coupling at calyx of Held synapses (Fedchyshyn and Wang, 2005) . Limited by image acquisition frequency and duration, we cannot discriminate whether immobile and mobile channels represent separate subpopulations or temporal fluctuations of individual channels as predicted by our model. Immobilization within the AZ could reflect short-term nanoscale coupling with SVs or tight interactions with CAZ proteins. Various interactions between presynaptic VDCCs and scaffold proteins are known but some are mutually exclusive or involve discrete channel variants only (Davydova et al., 2014; Han et al., 2011; Kaeser et al., 2011; Liu et al., 2011; Maximov et al., 1999) . The availability of scaffold proteins may be limited due to their engagement in A B C Figure 3 . Enlarged AZ upon Co-Expression of a1 and a2d1 Subunits (A) Ca V 2.1::GFP (confocal) and Bassoon-clusters (STED) in neurons cotransfected with Ca V 2.1::GFP and a2d1 are bigger (arrows) than in Ca V 2.1::GFP only or non-transfected neurons. Scale bars: 2 mm. (B and C) Lengths (principal) and widths (auxiliary) of Bassoon and RIM protein domains determined by 2D Gauss fitting. Data are shown as median with interquartile range from 2 cultures tested by Kruskal-Wallis test followed by a Dunn's test (Bassoon clusters: n con = 1,197 synapses, n CaV2.1::GFP = 92, n +a2d1 = 96; n CaV2.2::GFP = 64, n +a2d1 = 95; RIM clusters: n con = 237 synapses, n CaV2.1::GFP = 184, n +a2d1 = 176; n CaV2.2::GFP = 99, n +a2d1 = 153).
competing interactions. Otherwise identical channels may therefore be embedded differently within a given AZ. Consistent with previous observations (Cao and Tsien, 2010) , we found a prominent Ca V 2.1 splice variant, which lacks established RIM/Mint1-and RBP-binding motifs (Chaudhuri et al., 2004; Davydova et al., 2014) to compete with endogenous channels for synaptic localization. For the mobile fractions of Ca V 2.1 and Ca V 2.2 channels, we calculated r conf above 100 nm. Presuming a stretched conformation, the cytoplasmic tails of VDCCs (Wong et al., 2014) can explore a substantial area of the AZ while being linked to the CAZ. We used a modeling approach to assess the impact of this degree of freedom on P r . At low channel densities, P r increase with channel mobility. Same time channel density is predicted to reciprocally affect mobility. Thus, to ensure a certain P r , the number of synaptic VDCCs may be kept low if their mobility is high enough. Our data suggest that the channel density is ] i fluctuations plotted against channel numbers within depicted areas of 300 3 300 nm (blue), 400 3 400 nm (red), 500 3 500 nm (green). A median diffusion coefficient of 0.02 mm 2 /s was assumed and channel open probability set to 0.5; for other parameters, see Supplemental Information.
Inset shows channel density at maximal calcium variability versus AZ size. (C) Within a 300 3 300 nm area, one vesicle (black spot) was randomly placed 5 nm above the membrane. Channel distribution was monitored for static and mobile channel populations at time points as indicated and triggered for activation (see Supplemental Information for parameters). A colored vesicle indicates successful release due to random rearrangement of channels. (D) P r plotted against channel density for populations of mobile channels (blue), immobile channels (black), or reduced mobility in presence of BAPTA-AM (red). Note that the sudden jump of the P r is caused by the parameter of one RRV (see also Supplemental Information for parameters). Arrow indicates the density corresponding to the example distributions in (C). Points represent mean P r ± SD of 100 iterations for given densities.
optimized to the size of the AZ, keeping the majority of channels mobile. Accordingly, increased channel expression did not result in higher synaptic channel density. In addition, the immobilizing effect of BAPTA suggests that next to changing intracellular Ca 2+ transients, channel positioning contributes to the P rreducing effect of BAPTA. Following this principle, non-uniform channel density across an AZ is counterbalanced by local mobility changes, resulting in an AZ-wide homogeneous contribution of VDCCs to P r . Clustering of synaptic VDCCs within AZs has been detected by immuno-EM (Holderith et al., 2012; Indriati et al., 2013) in different synapses and was consistent with calculating realistic P r (Ermolyuk et al., 2013) . In contrast, immunogold labeling for Rim1/2 revealed a more uniform distribution for these VDCC-binding CAZ proteins (Holderith et al., 2012) . Snapshots from mobile channel simulations occasionally appear clusterlike but reflect states of random distribution ( Figure S4B ). Our model suggests that the fractions of mobile and immobile channels are transient within the AZ, collectively represented as fractions of immobile and mobile channels within the experiments. An obvious question is whether channel mobility is a fixed parameter for a given type of synapse or is subject to plasticity-related modulations. Our Ca 2+ chelation experiments suggest the latter, demonstrating that reduced baseline levels of free [Ca 2+ ] i lead to a significant decrease in channel mobility. Syntaxin-1A behaved oppositely arguing against a generic effect. Baseline [Ca 2+ ] i can be regulated via signaling through G protein-coupled receptors, altered Ca 2+ buffering, or extrusion. VDCCs themselves can add to baseline [Ca 2+ ] i in response to elevated resting potentials, thereby considerably increasing P r (Awatramani et al., 2005) . This raises the interesting possibility of a feedforward mechanism by which an increased rate of spontaneous VDCC opening within AZs translates into enhanced channel mobility and thus, according to our results, enhanced P r . In view of the reported size of an intracellular calcium domain caused by single channel opening, which is tuned by endogenous calcium binding proteins (Tadross et al., 2013) , the observed dynamics seem to be even more relevant. The dynamics of stochastically opening Ca 2+ channels also offers a mechanism for the substantial contribution of high voltage-gated calcium channels to spontaneous transmitter release (Ermolyuk et al., 2013; Williams et al., 2012) , in particular when considering the rather stable positioning of docked and primed vesicles in the presynaptic membrane Lemke and Klingauf, 2005) . To what extent channel densities vary between terminals remains to be explored, but in light of our study high channel densities could account for the nanodomain coupling observed in several synapses (Bucurenciu et al., 2008; Schmidt et al., 2013) . This study uncovers the existence and potential relevance of ongoing channel fluctuations within AZs. Regulatory modes that truly alter local synaptic channel densities rather than mean channel numbers remain to be identified. Our attempt to increase local synaptic channel density by co-expressing tagged a1 subunits with a2d1 led to increased synaptic VDCC numbers accompanied by enlargement of the CAZ. This observation is in accordance with the linear scaling of various presynaptic proteins with AZ size (Holderith et al., 2012 ; but see Hoppa et al., 2012) . As an important new facet, we propose that VDCCs, beyond their documented permissive role in presynapse assembly at neuromuscular junctions , can play an instructive role in scaling AZs at hippocampal synapses. In addition, the variation of the distance between channel and sensor within very short timescales may introduce variability to shortterm plasticity. Hence, differential effects of BAPTA could be interpreted as different modes of a dynamic interplay between calcium channel and calcium sensor (Vyleta and Jonas, 2014) . The proposed equilibration of individual P r might contribute to shortterm plasticity changes, tuned by the dynamics of VDCC in the presynaptic compartment. Apart from synapses, mobility of VDCCs may play a role in modulation of the intrinsic excitability of neurons by adjusting the interplay between calcium channels and calcium-activated potassium channels.
EXPERIMENTAL PROCEDURES
Cell Culture
The experiments were conducted in primary hippocampal rat neurons prepared from embryonic Wistar rats (embryonic day 18) as described (Davydova et al., 2014) . The detailed procedure and methods of transfection are described in detail in Supplemental Experimental Procedures.
Plasmids
Expression constructs for tagged VDCC a1, a2d1, and b3 subunits were generated by standard cloning strategies or kindly provided by various colleagues (see Supplemental Experimental Procedures).
Life Imaging sptPALM experiments were conducted as described (Manley et al., 2008) using mEOS2-tagged constructs. Acquisition and analysis are described in detail in Supplemental Experimental Procedures.
Statistics
Statistical values are given as median with interquartile range (IQR) or mean ± SEM unless stated otherwise (see Supplemental Experimental Procedures for details).
SUPPLEMENTAL INFORMATION
Supplemental Information includes Supplemental Experimental Procedures and four figures and can be found with this article online at http://dx.doi.org/ 10.1016/j.neuron.2015.03.050.
